Abstract The divergence of protein (Hedgehog) in different organisms remains an unresolved issue to comprehend how the pathway in Hh signaling evolves. Insights into this question can help one identify the key molecules in Hh signaling. This work proposes a protein-associated factor in cells. The development of a non-reductionist theory of cellular functions in medicine is not sufficient. It is necessary to find the parameters with regards to molecules/genes that can elicit functions. This work shows that molecular interactions of gene products can be accomplished by biophysics logic. Defining the protein-associated factors in molecular activities and identifying its roles in molecular transduction are important. A misregulation in molecular switch can account for complex biomolecular consequences. This work shows the potential of the factor on homo-sapiens and unlocks its implications to gene multitasking functionality. The associated factor notion should facilitate the medical development in cancer therapeutics.
Introduction
The molecular mechanism of protein (Hehgehog) signal transduction is critical for understanding its role in stem cells (SCs) and pathological conditions such as human congenital anomalies. Hehgehog (Hh) is involved in putting in order most organs in both vertebrates and invertebrates. Patched1 (Ptc1) and Smoothened (Smo) in membrane which act as the receptors are the constitutive lifeblood to the Hh signaling pathway where the Ptc1 acts as a signal receiver and stimulates Smo to gene functions [4, 8, 11, 12, 14, 15, 18, 19, 21] . The molecules/proteins communicate through interconnected pathways via different biochemical interactions. Through these interactions, molecules propagate regulatory signals. The function of cells in the body is vulnerable to the dysfunction of few molecules within a cell [4] . Different diseases may arise from the dysfunction of one or several molecules within an interconnected network. Nevertheless, we have observed that if each of these molecules fails to function, the entire molecular network would function defectively [13] . Complex diseases are not caused by one, but a multitude of dysfunctional molecules/genes. Obviously, the overall mechanism is highly conserved and not fully understood. The scientific findings have been translated to benefit the patients, mostly with the adult SCs. There are mixed reactions in the regenerative medicine.
Elucidating the molecular mechanism of Hh transduction is critical for understanding when a complete Hh signal pathway divergence in different organisms is not yet settled [3] . Mokarram et al. [10] have discussed rate-limiting cellular processes that help to increase or decrease regeneration, called as 'knobs', but any factor associated with 'knobs' is elusive [10] . If we speculate it, proteinassociated factor seems a key player in the balance favoring function. The molecular analysis of Hh signal pathway enables one to explore and characterize the associated factors and parameters that play significant roles in the gene functional divergence [16, 19] . Protein, for example Hh, divergence is changeable due to different molecules having different functional freedom. Getting disperse gene signal to introduce associated factor evolvement is challenging. Insight into this question can certainly help one investigate and find the associated parameters of a protein signal in general.
Protein Signaling and Underlining Logics
The Gliotactin (Gli) proteins are obligatory mediators of Hh signals [17] . How it acts as a positive or negative element in Hh is investigated [11] . The Sufu (Suppressor of Fused) which is an Hh regulator in mammals is presented, and a Sufu-dependent process is proposed [3] . Hh signal transduction in the context of trafficking and neuro-functions has been described [12, 18] . The controllability and functionality of an Hh family member, sonic hedgehog (Shh), in the postnatal and adult brain have been discussed [14] . The multifaceted roles of phosphorylation to Hh transduction and the difference between Drosophila and Mammalian have been focused [4] .
The temporal resonance of transcriptome biosynthesis with oscillation of a reduction-oxidation cycle is shown [20] . During DNA replication the unwinding of stands leaves a single molecule which is vulnerable. Zhao et al. [21] have investigated how the protection mechanisms are carried out with respect to Hh and Smo. The actions, functions, and roles of Gliotactin-Similar (Glis) protein under the umbrella of Hh signaling are discussed [7] .
This work reports a method by which abstinent molecular logics can step forward to the complex pathological and biomolecular consequences. It focuses on a proteinassociated factors in ''Molecular Activity with Hedgehog'', its occurrences in ''Molecular Occurrences'', and life science challenges in ''Cell Nursing''. The last section refers to ''Conclusions and future directions''.
Molecular Activity with Hedgehog
Molecular activities are a complex dynamic system that adapts to its environmental challenges. Few clinical situations are even interesting where the normal dynamics of a system is reinstated by different bio-features. Hh, a molecular signal, plays important functions in cells and critical roles in patterning as well as growth of organ structures in development [8, 12, 14, 15, 21 ]. An onco model helps to obtain Hh signal pathway. In Fig. 1a , patched is placed in the cilium and blocks Smo entry. Consequently, no transcription of target genes occurs. In Fig. 1b , Hh binds with Patch and moves it out from the cilium. Smo moves into the cilium and allows activating Gliotactin transcription. Gliotactin ANTagonists (GANT) blocks Gli/Glis transcription to DNA. Gli/Glis transcription factors are translocated to the nucleus to induce target genes' (Wnt, Wingless related integration; Dpp, Decapentaplegic) transcription. Hedgehog-interacting protein (Hip) acts as a negative regulator cyclopamine and antagonists of Smo binds, and inhabits its function. Intra-flagellar transport (IFT) helps functioning to Kif3 complex and retrograde dynein motors.
Inter-compartment cellular movement is a cause to form a concentration and existence of the Hh, for example, in Drosophila [21] . Circumstantial evidence of such signal follows some rate with which Smo functions [4, 18, 21] . Formulation of the associated factor with respect to concentration is harder as illustrated in Fig. 2a . In Fig. 2 , there are three states: initial state (IS), transition state (TS), and final state (FS). The associated factor (f) can be expressed as follows:
The terminology f is derived from the regularity logic of cellular and molecular biology where concentration range is from lM to nM and M stands for moles/liters, and parabolic-path length is 10 -4 to 10 -15 m and m stands for meter. The parabolic length falls into the effective distance from IS to FS.
The f value varies as high or low, which is more because of an incline and/or a decline slope in the posterior and anterior cellular ends. The Hh signal traveling along a cell is confined to the space between interacting media, and the Hh is confined to move in the direction to the receptor (Ptc/ Ptc1), which is simply termed as signal guide as depicted in Fig. 3 . The Hh signal is presented in terms of longitudinal (y-axis) and lateral (x-axis) components in Fig. 2a . In order to clarify the signal-rate mechanism and its properties, certain steps are necessary: (1) investigation of the Hh signal components towards longitudinal and lateral directions as shown in Fig. 3 . N represents number of times Hh to the y-axis, K represents number of times Hh to the x-axis, and (2) application of boundary conditions (initial and final values) to enumerate molecular functionality [2] , for example in Fig. 3 , x = 0 and x = a, y = 0 and y = b. The Ka ? Nb paid an influence to the concentration of a specific organ with specific aspects. The parabolic-path length is a locus from IS to FS via TS. Proportionality instead of equivalent (equal to) logic is used often because molecule's plane(s) of occurrence is poorly understood. It is indeed a certain value of f to demonstrate that above the value of f the signal can gently travel, and it is denoted as f c (cut-off factor).
Many biological functions are possible from a single chemical function that oscillates between ON and OFF states [1] . Delineating the factor effect with a relationship to the signal is important to know functional correctness. Finding effective parameters may advance our mechanistic understanding. The mechanism of actions of the associate factor is different in vivo and in vitro. Therefore, the f is denoted as f g (group factor) as follows:
Gli3 protein has a major negative function/role in the mouse neural tube which must be suppressed by Shh (i.e., an Hh ligand) signal to allow differentiation, but in amphibian a positive role is demonstrated [11] . Notwithstanding, Hh is aberrantly activated in human diseases including pancreatic cancer [7, 13] . Nevertheless, it is more because of Shh overproduction that increases the Hh signaling activity to the Ptc1. Patched is a sequence of amino acids. Functional divergence means different characteristics to different domains. It plays a role in functional loss (attenuation) [14, 15, 21] , and in this context the intrinsic admittance (opposite to resistance) of signal guide is directly proportional to f g /f, which can be described as follows:
Exercising with the admittance using resonance as a maximum functional loss could help one understand the significance of it. In Fig. 4b , resonance (aligned state) is the tendency of this bio-system to oscillate with greater amplitude at some regularity than at others. The dashedline box presents molecular up and down movement without reaching the OFF state. Figure 4a shows how the gene loses the control of ensemble of resonances by continuous pushing to ON state and stops moving to OFF state. The f g rate seems to be ultra-high value and illustrated in Fig. 4 . The light-green color in Fig. 4b represents signal density. Density is considered as molecular aggregation per unit area. 
Molecular Occurrences

Switching
Forces are important in a biological system for accomplishing key cell functions. In inner membranes of a cell, the forces are unveiled as longitudinal and lateral components as shown in Fig. 5a [19] . It is known that force is proportional to energy. The forces in part-wise are identified either in same direction or in opposite direction either slower or faster. The intramolecular interaction indicates that the association is mediated by electrostatic interactions [21] . Glutathione S-transferase (GST) contains the Smo region of amino acids from 656 to 755, and C-terminal region of amino acids from 860 to 1,035 [21] . In response to it, the energy level varies with respect to lower and higher density and impels to tunnel occurrence [19] . Tunneling can be defined as a locus of a positive-negative-positive pathway. The spatial distribution is depicted in Fig. 5b . The inclines (positive slope) behavior and the decline (negative slope) behavior act as a switch (ON and OFF or vice versa) as shown in Fig. 5b . Obviously, it is already acknowledged that the resonance of a protein signal is naturally neutralized in a normal physiological condition. A master gene (Smo) is involved to turn them individually such that the resonance can be bypassed and it opposed the complexity to line-up many resonances. Some gene makes longer signal width by time-delay to alleviate the aligned complexity as shown in the Fig. 4b .
Glis family beckons a cross talk between Hh and Glis. It is because that the Hh signaling is activated by the Glis localization [7, 17] . The switching (ON/OFF) behavior helps to clarify the mechanisms of the action of Gli and Glis proteins, and to unmask the associated factors that play a role in molecular anomalies. It also elucidates how to deal with the number of anti-Hh in the Ptc1 to overcome this variability.
Molecular Aggregation
Hh exhibits a role, recently explored, to regulate adult SCs involved in maintenance and regeneration of adult tissues [5, 17] . Hh signaling can be classified as high and low to stimulate Dpp and Patched expression [17] . A deeper observation could clarify up to certain extent the critical effects of the associated factor corresponding to the significance of high Hh or low Hh.
It is hereby assumed that single molecules (p 1 , …,p n ) are presented at times (t 1 , …,t n ), and the square boxes with sky colors (dim and dark) present lower concentration in Fig. 6a and higher one in Fig. 5b . Here, t a represents initial time, t f represents final time, and others represent intermediate time instants. Some single molecule exhibits greater movement in higher concentration than the lower one. This abstinent single-molecular logic related to the gathering is proportional to the group rate.
The electrostatic effect to control protein aggregation has been discussed [1] . How do the associating factors, such as signal and effect, influence molecular aggregation? This work presents how single molecule assembly is modulated by changes of concentration. Single-molecule measurements are unique in measuring the entire time trajectories that may direct to multiple pathways [4, 20] . This work helps to clarify the usefulness of analyzing single-molecular institution with associated factor effect.
Leading and Lagging
Regulatory elements, such as molecular switches, undergo local base pairing changes to distant conformational rearrangements upon binding ligands (antigen) to modulate the protein expression by state changing ''ON/OFF'' [6, 21] . The recent study indicates that Hh signal regulates smoothened activity by a conformational switch, which implies that it follows a tuning mechanism [21] . This is an essence to develop a difference function to its actions. Moreover, negative regulator proteins to Hh are also an essence.
A paradigm emerges from density-density correlations that can be induced by short interactions, or by long interactions in dilute concentration. Such mode softening at finite barrier is addressed as a possible route to a super- phase. Eventually, phase shift can be introduced by concentration transition.
Bound separation achieves as a form of precipitation of the bound friction, and it is specific. Bound separation is required in the phase assays. Mackay et al. [9] have described the phase portrait functions relating to an extension. A deeper observation beckons that molecular gathering is associated by an angle [9] . A typical relationship between the Hh signal (S i ) and the Hh signal after an interactive process (S o ) can be presented in a polar form as:
where lead is denoted by ?h and lag is denoted by -h. Interestingly, the angle's value is proportional to the f g . How SCs use signal orientation to guide division is important to understand [19] how two daughter cells remains in SC and which one will become a progenitor cell to repair the damaged tissue [5] . It helps to clarify how the associated factor influences the initiation of molecular fusion once the membrane contact is established.
Push and Pull
The push-pull outcome is stated as alternating/regulating signal to the targets. Alternating signal presents as positive/ negative and activation/suppression role(s). The push-pull mechanism undergoes in a phase-apart occurrence and increases/decreases the signal power in an opportunist maneuver. The signal from Smo1 ANTagonists (SANT1) to Smo2 (cyclopamine) is changed-in-magnitude than from Smo2 to Smo3 (SAG M2 mutant), and the push-pull notion helps to clarify the state capable of engaging downstream signaling in NIH 3T3 cells as described by Rohatgi et al. [16] (Fig. 7) . The endeavor conciliates to unmask a cause, as shown in Fig. 8b , to raise resistance when Smo inhibitors are used in the clinic. The validations are needed, however, medical development in cancer therapeutics will transform by our increasing understanding of the molecular mechanisms in oncogenesis, for example, reduce the cost of trail-and-error process in the cancer drug/therapy.
Cell Nursing
One of the regeneration mottos is that the original parent cell is replaced by the two new daughter cells which ensure that SCs will not be depleted during healing [5, 10] . Protein (Hehgehog) role sometime changes in vivo (in body) and in vitro (in laboratory) [5] . In vivo, the cell's functional deficiency (i.e., Hh signaling is involved in control of SCs proliferation in adult tissues) can be formulized as: (1) singular/solitary role, a particular enzyme to create mRNA by separating double-helix DNA, (2) differential role, and (3) bifurcation role, changes in the qualitative structure. In this regard an acceptable keypoint is that the cell's division is aligned to the source of target-gene signal (http:// genome.jp/kegg/pathway/hsa/hsa04340.html).
Notwithstanding, longitudinal and lateral components seem to be involved in the orientation of the signal propagation.
Conclusions and Future Directions
Certain approaches have become more accepted by experimentalists and clinical individuals in recent years as they contribute to new understandings of complicated molecular mechanisms. Fairly, molecular activities are a complex dynamic system that adapts to its environmental challenges. However, the biologists are waiting for informative logics of physics that may provide molecular description(s).
This work proposes a protein-associated factor (i.e., not limited to the Hedgehog), and shows how the functional divergence at the molecular level may explain in the associated factor. Developing non-reductionist theory of cellular functions in medicine is not sufficient. There is a need to find effective parameters of the molecule/gene by characterizing gene interactions in biophysics logic. Defining the protein-associated factor in molecular activities and its role in molecular transduction provide a basis for the pathophysiological and biomolecular consequences. This work shows the potential for a new method on Hh factors in homo-sapiens. In mechanistic physiological processes (tRNA Adaption Index, and Codon Adaption Index), the associated factor notion facilitates to provide how resonance in genomic roles act as a fork to alter the genes' multi-tasking functionality. The findings will form the basis for future work to verify the models. The uses of Hh receptor (antibody) assays will incorporate onco models. In addition, molecular reagents to isolate RNA and microRNA, and generate cDNA will be incorporated in validation studies. Statistical methods, such as log-rank test and mean±, are also very handy techniques in all cases. These methods will be the end point in biophysical methods to follow the differentiation of stem cells for regenerative medicine.
